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ABSTRACT 

In  recent  years,  the  experimental  transplantation  of  segments 
of  small  intestine  has  been  gaining  increasing  popularity.  Up  to  the 
present  time,  however,  there  have  been  relatively  few  experiments  per¬ 
formed  on  the  use  of  immunosuppressive  agents  to  prolong  the  survival 
of  such  allografts.  It  has  recently  been  reported  that  antimacrophage 
serum  possesses  an  immunosuppressive  potency  comparable  to  that  of  the 
better  characterised  anti lymphocyte  serum. 

We  have  attempted  to  compare  the  effects  of  antimacrophage 
serum  on  the  prolongation  of  survival  of  canine  intestinal  allografts 
with  the  results  obtained  employing  three  other  immunosuppressive 
regimens:  antiperitoneal  cell  serum  (TimpureT  antimacrophage  serum), 
anti lymphocyte  serum  and  a  combination  of  azathioprine ,  prednisone 
and  anti lymphocyte  serum. 

Our  results  have  demonstrated  a  very  significant  prolongation 
of  survival  in  dogs  treated  with  antilymphocyte  serum  and  those  treated 
with  a  combination  of  anti lymphocyte  serum,  azathioprine  and  prednisone. 
There  was  no  prolongation  of  survival  in  dogs  treated  with  antimacrophage 
serum  and  the  results  obtained  with  antiperitoneal  cell  serum  are  of 
doubtful  significance  and  will  require  further  investigation  to  ascertain 
their  significance. 
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CHAPTER  I 


LITERATURE  REVIEW 

I.  Statement  of  the  Problem 

The  work  of  Medawar1  has  established  the  fact  that  the  rejection 
of  tissue  and  organ  allografts  is  an  immunological  response  mediated  by 
cellular  elements.  At  this  time  it  appears  that  the  most  important  cell 
type  is  the  lymphocyte.  The  search  for  immunosuppressive  agents,  capable 
of  producing  long-term  survival  of  grafted  organs  with  minimal  toxic 
side  effects,  has  caused  investigators  to  use  sera  developed  specifically 
against  the  lymphocyte.  The  results  obtained  through  the  use  of  anti¬ 
lymphocyte  serum  alone  in  suppressing  the  rejection  of  whole  organ  grafts 
have  been  encouraging.  Graft  survival  has  been  prolonged,  although  not 
for  indefinite  periods,  and  toxicity  appears  to  be  less  than  in  the  case 
of  some  of  the  chemotherapeutic  agents.  However,  it  is  now  apparent  that 
antilymphocyte  serum  is  not  the  complete  answer  to  cellular  rejection, 
and  that  other  solutions  must  be  sought. 

Recent  experimental  work  suggests  that  a  second  cellular  element, 
the  macrophage,  may  have  an  important  role  in  mediating  the  rejection 
response.  The  macrophage,  in  the  afferent  phase  of  the  immunologic 
"reflex",  is  thought  to  act  by  processing  foreign  antigen  and  trans¬ 
ferring  immunogenetic  information  to  the  lymphocyte.  Furthermore,  its 
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presence  is  required  for  lymphocytic  cellular  transformation  which  occurs 
in  the  presence  of  foreign  antigen.  In  the  efferent  phase,  the  macro¬ 
phage  may  effect  target  cell  death.  The  apparent  importance  of  the 
macrophage  in  the  rejection  phenomenon  has  resulted  in  a  search  for 
methods  of  selectively  modifying  the  role  of  this  cell. 

These  methods  have  included  the  use  of  specific  macrophage  toxins 
such  as  silica,2  and  the  development  of  antisera  specifically  directed 
against  the  macrophage.  In  most  instances,  peritoneal  exudates  have  been 
the  source  of  antigen  used  in  the  preparation  of  antimacrophage  sera. 

One  group  of  investigators  has  reported  the  development  of  an  effective 
antimacrophage  serum,  the  use  of  which  has  resulted  in  a  significant 
prolongation  of  allograft  survival.  However,  the  method  used  by  this 
group  for  harvesting  macrophages  is  probably  not  sufficiently  selective, 
for  it  is  known  that  in  addition  to  macrophages,  the  cellular  fraction 
of  peritoneal  exudates  contains  a  considerable  number  of  lymphocytes. 
Therefore,  the  serum  produced  following  injection  of  the  mixed  peritoneal 
cells  would  probably  have  both  antimacrophage  and  antilymphocyte 
properties . 

We  have  thus  attempted  to: 

1)  obtain  a  purified  suspension  of  macrophages, 

2)  prepare  a  potent  antiserum,  to  this  suspension  (henceforth 
referred  to  as  ’pure’  antimacrophage  serum), 

3)  investigate  the  in  vitro  activity  of  this  antiserum,  and 

4)  compare  its  effects  on  the  prolongation  of  survival  of  intestinal 
allografts  with  those  obtained,  using  other  immunosuppressive 
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sera  and  agents: 

a)  anti lymphocyte  serum  developed  in  goats  against  dog  lymph 
node  lymphocytes, 

b)  a  combination  of  anti lymphocyte  sera  and  the  standard  immuno¬ 
suppressives,  azathioprine  and  prednisone, 

5)  to  prepare  an  antiserum  to  the  unmodified  cellular  fraction  of 
peritoneal  exudates,  resulting  from  introduction  of  sterilised 
olive  oil  into  the  peritoneal  cavity  of  dogs  and  to  determine 
the  effects  of  this  antiserum  (henceforth  referred  to  as 
’impure’  antimacrophage  serum)  on  the  survival  of  intestinal 
allografts . 

II .  Introduction 

In  recent  years,  transplantation  of  tissues  and  organs  has  gain¬ 
ed  increasing  popularity  as  a  treatment  of  certain  diseases  which  are 
both  incurable  and  refractory  to  more  conventional  methods  of  medical 
therapy.  Though  surgical  techniques  have  developed  to  a  point  where 
organ  transplantation,  rather  than  remaining  a  dream  of  the  future,  is 
now  technically  feasible,  allograft  rejection  is  still  the  major  un¬ 
solved  problem  of  transplantation  surgery.  During  the  past  decade,  the 
application  of  available  surgical  and  immunosuppression  techniques  has 
met  with  surprising  success.  However,  it  seems  evident  that  if  both 
alio-  and  heterografting  are  to  be  applied  with  uniform  success  on  the 
widest  possible  scale,  other  techniques  of  suppressing  rejection  or 
altering  host  response  to  grafts  must  be  found.  The  solution  to  the 
problem  must  lie  in  greater  understanding  of  the  basic  cellular  and 
immunologic  processes  involved.  These  problems  have  been  under  scrutiny 
for  many  years,  and  a  considerable  volume  of  data  is  already  at  hand. 
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Loeb  (1902)3  compared  the  survival  of  similar  tissues  after  auto-  and 
allotransplantation.  He  noted  that  the  former  survived  indefinitely, 
and  the  latter  were  invariably  destroyed.  The  destruction  of  the  allo¬ 
graft  was  accompanied  by  a  marked  inflammatory  reaction. 

The  classic  studies  of  Medawar1  first  established  that  the 
lymphocyte  had  a  specific  role  in  rejection,  and  resulted  in  the  con¬ 
cept  of  cell  mediated  immunity.  In  rabbits,  he  compared  the  cellular 
response  to  skin  allografts  with  that  resulting  from  the  Arthus 
reaction.  The  main  difference  was  in  the  nature  of  the  accompanying 
cellular  infiltrate,  predominantly  mononuclear  in  the  former,  mainly 
granulocytic  in  the  latter.  However,  he  failed  in  an  attempt  to  trans¬ 
fer  transplantation  immunity  with  serum,  confirming  that  a  cell 
mediated  process  was  involved  rather  than  one  involving  humoral  anti¬ 
body  production. 

Later  Mitchison4  was  successful  in  transferring  immunity 
against  an  allogenic  mouse  lymphosarcoma  with  isogenic  lymph  node  cells 
from  sensitised  donors,  Billingham  et  al.5  were  similarly  successful 
in  transferring  skin  allograft  immunity  in  mice  with  lymph  node  cells. 

Later  investigations  by  Waksman6  and  Weiner,  Spiro  and  Russell7 
confirmed  that  a  mononuclear  cell  infiltration  occurs  prior  to  the 
appearance  of  degenerative  changes  in  the  epithelial  and  other  cellular 
elements  of  the  graft.  Waksman  concluded  that  invading  mononuclear 
cells  had  a  direct  cytopathogenic  action  on  antigen  containing  cells 
in  vessel  walls  and  throughout  the  graft. 
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There  is  now  much  evidence  confirming  the  thesis  that  the 
infiltrating  host  mononuclear  cells  do,  in  fact,  represent  a  specific 
immunologic  effector  mechanisms  in  operation.  This  evidence  has  been 
elegantly  summarised  by  Billingham,8  who  divided  his  summary  into  five 
categories : 

1)  evidence  from  histological  studies  on  allografts, 

2)  evidence  from  in  vivo  experiments, 

3)  evidence  from  diffusion  chamber  experiments, 

4)  evidence  from  in  vitro  experiments  with  sensitised  lymphocytes, 
and 

5)  evidence  from  in  vitro  experiments  with  unsensitised  lymphocytes. 

He  gave  four  postulates  as  to  the  manner  in  which  the  cyto- 
pathogenic  effect  of  lymphocytes  is  mediated: 


1)  the  cells  synthesize  an  antibody  that  is  normally  released  only 
when  they  are  in  intimate  contact  with  homologous  target  cells, 

2)  the  cells  do  not  synthesize  antibody  but  carry  on  their  surface 
an  effective,  cell  bound  antibody  having  a  specific  affinity  for 
cells  (cytophilic  antibody)  and  which  is  synthesised  elsewhere 
in  the  body, 

3)  the  cells  synthesize  a  special  kind  of  antibody  which  is 
permanently  incorporated  on  their  surface  and  is  only  effective 
when  an  intimate  contact  with  a  target  cell  is  established,  and 

4)  antibody  is  not  the  ultimate  effector  or  mediator  of  graft 
destruction.  Following  some  kind  of  ’recognition’  event  which 
has  an  immunologic  basis  and  requires  an  intimate  relationship 
between  sensitised  cell  and  graft  antigen  (cellular  or  sub- 
cellular),  the  sensitised  lymphocytes  release  or  secrete  and/or 
cause  other  host  cells  to  release  some  nonspecific  pharmaco¬ 
logically  active  agent,  analogous  to  histamine,  which  is  the 
ultimate  effector. 

Immunological  responses  are  presently  divided  into  those  medi- 
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ated  by  cells  and  those  mediated  by  humoral  antibody.  Both  types  of 
response  are  mediated  by  the  small  lymphocyte , 9 > 1 0  a  cell  whose  precur¬ 
sors  are  from  bone  marrow.11^2  The  development  of  cell  mediated  immune 
responses  as  well  as  the  humoral  antibody  response  to  certain  antigens, 
is  abolished  by  neonatal  thymectomy  in  mice  and  rats.13-18  In  birds, 
humoral  antibody  production,  but  not  cell  mediated  reactions,  is  depen¬ 
dent  upon  the  bursa  of  Fabricius,  and  it  has  been  suggested  that  gut 
associated  lymphoid  tissue  provides  the  mammalian  analogue.19  This 
suggests  the  presence  of  two  distinct  lymphocyte  populations,  one 
dependent  on  the  presence  of  the  thymus  and  the  other  independent  of  the 
thymus.  They  differ  in  their  distribution  and  life  span;  the  thymus 
dependent  lymphocytes  constitute  the  greater  part  of  the  recirculating 
pool  of  small  lymphocytes20  and  have  a  relatively  long  half-life, 
whereas  the  population  of  lymphocytes,  independent  of  thymic  sponsorship, 
is  more  restricted  to  lymphoid  tissue  and  appears  to  be  short-lived. 21 

The  structural  changes  in  lymphoid  tissues  occurring  in  response 
to  antigenic  stimulation  have  been  studied  in  great  detail.22-28  In 
essence  these  consist  of  transformation  of  lymphocytes  into  large 
rounded  cells  having  large  vesiculated  nuclei  and  prominent  nucleoli 
and  pyroninophilic  cytoplasm.  These  are  the  so  called  ’blast’  cells, 
and  increasing  development  of  the  endoplasmic  reticulum,  reduction  in 
nuclear  volume,  reduction  in  mitochondrial  size,  and  extensive  develop¬ 
ment  of  the  Golgi  complex,  leads  to  the  development  of  a  cell  eminently 
suited  for  antibody  production.  This  is  the  plasma  cell.  However, 
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Fig.  1. —  Diagram  of  the  role  of  thymus  dependent  (T)  and 
bursa  equivalent  (B)  lymphocytes  in  immunologic  responses.  (ROITT, 

I. M.,  GREAVES,  M.F. ,  TORRIGIANI ,  G. ,  BROSTOFF,  J.,  and  PLAYFAIR, 

J. H.L.  Lancet,  2:367,  1969.) 


8 


other  cells  may  produce  antibody.27 

Lymphocytes  from  individuals  sensitised  to  a  given  antigen  are 
transformed  in  culture  on  contact  with  the  antigen,  probably  through 
combination  involving  a  specific  antibody  on  the  surface.28  The 
presence  of  surface  immunoglobulins  on  lymphocytes  has  been  indicated  by 
the  experiments  of  Sell28  and  Sell  and  Gell.30  Intimate  contact  between 
lymphocytes  and  macrophages  involving  cytoplasmic  interaction  is  required 
for  lymphocyte  transformation  in  the  presence  of  a  foreign  antigen.31-81 
Thus,  lymphocyte  preparations  which  have  been  largely  freed  of  phago¬ 
cytic  cells  are  unresponsive  to  antigen.  However,  activity  can  be 
restored  by  the  re-introduction  of  macrophages.82*83  The  role  of  the 
macrophage  is  probably  one  of  ’processing’  of  antigen,  a  step  that  may 
be  necessary  before  transformation  can  occur.  In  certain  instances 
antigenicity  may  even  be  increased  as  when  bovine  serum  albumin  is  the 
antigen.88  The  association  between  these  two  cell  types  is  very 
intimate  and  involves  cytoplasmic  interaction. 38 

The  requirement  that  antigen  be  processed  by  macrophages  is 
not,  however,  universal  and  in  the  case  of  certain  antigens, 

(e.g.  keyhole  limpet  hemocyanin),  antigenicity  is  greatly  reduced  after 
uptake  into  peritoneal  macrophages. 85 

The  transformed  lymphocyte  has  cytotoxic  properties  for  cells  to 
which  it  is  sensitised. 88 *87>88  The  exact  nature  of  its  destructive 
action  is  not  known. 

The  interaction  of  antigen  with  sensitised  lymphocytes  leads 
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to  the  release  of  soluble  factors.  One  of  these  factors  inhibits  the 
migration  of  macrophages  in  tissue  cultures  and  has  been  called  the 
"migration  inhibitory  factor" . 49 5 50  The  in  vivo  effect  of  this  latter 
factor  would  be  to  immobilise  wandering  macrophages  at  the  site  of 
reaction  with  antigen  where  they  might  exert  a  cytotoxic  action  or 
scavenge  cells  already  damaged  by  lymphocytes. 

Of  the  heterologous  antisera  presently  under  investigation, 
anti lymphocyte  serum  is  by  far  the  best  characterised  and  comparison 
of  its  properties  with  those  of  antimacrophage  serum  is  thus  useful. 

A  brief  summary  of  its  characteristics  is  thus  presented. 

Ill .  Antilymphocyte  Serum 

The  in  vitro  and  in  vivo  lymphagglutinating  and  lymphocytotoxic 
properties  of  heterologous  antilymphocyte  sera  have  been  long  recognised. 
As  early  as  1899,  Metchnikoff 51  injected  spleen  and  lymph  node  cells 
of  guinea  pigs  and  rats  into  rabbits  and  observed  both  cytotoxic  effects 
and  agglutination  of  suspensions  of  such  cells  when  later  exposed  to 
the  sera  of  immunised  rabbits.  Excellent  summaries  of  the  chronology 
of  the  development  of  these  sera  have  been  presented  by  Gray  et  al.52 
and  by  Russell  and  Monaco,  1967. 53  However,  it  has  only  been  in  the 
last  decade  that  growing  awareness  of  the  role  of  the  lymphocyte  in 
allograft  rejection  and  the  recognition  of  the  need  for  immunosuppressive 
agents  with  fewer  toxic  side  effects  than  standard  immunosuppressives, 
has  prompted  the  recent  interest  in  specific  antisera  as  immunosuppressive 


agents. 
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It  was  Woodruff  in  19605l+  who  first  investigated  the  effects 
of  antilymphoid  sera  on  the  survival  of  skin  allografts  in  the  rat. 
However,  he  was  unable  to  demonstrate  any  significant  prolongation. 
Subsequent  investigations  by  Inderbitzin55  revealed  that  antilympho- 
cytic  serum  could  suppress  the  cell  mediated  tuberculin  reaction  and 
his  observations  were  later  confirmed  by  Waksman  et  al.56  Woodruff 
and  Anderson57 5 58  later  demonstrated  that  anti lymphocyte  serum  could 
significantly  delay  the  rejection  of  first  set  skin  allografts  in  rats 
across  marked  histocompatibility  barriers. 

Preparation  and  Purification 

The  preparation  and  purification  of  anti lymphocyte  serum  has 
been  reviewed  by  James.58  Investigators  have  differed  considerably  in 
their  source  of  antigen,  immunisation  schedule,  and  the  use  of 
adjuvant.  Among  the  sources  of  antigen  used  are  thymocytes,  subcellular 
fractions  of  thymocytes,  lymph  node  cells,  subcellular  fractions  of 
lymph  node  cells,  peripheral  blood  lymphocytes,  thoracic  duct  lympho¬ 
cytes,  and  spleen  cells. 

Briefly,  the  antigen  is  injected  into  a  suitable  animal  with 
or  without  Freund’s  adjuvant  and  the  animal  is  bled  after  acceptable 
titres  of  anti lymphocyte  serum  have  been  produced.  The  serum  obtained 
is  inactivated  and  then  absorbed  on  erythrocytes  or  cellular  stroma, 
and  after  sterilisation  by  Seitz  filtration  is  stored  at  -20°C.  The 
species  in  which  serum  has  been  produced  has  also  varied.  The  rabbit 
and  horse  have  been  the  most  widely  used  animals,  but  cows  and  sheep 
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have  been  utilised  by  some  investigators.  James59  and  Pichlmayr60 
have  both  suggested  that  antisera  raised  in  horses  and  rabbits  are 
more  effective  than  those  raised  by  similar  procedures  in  cows  and 
sheep . 

Anti lymphocyte  sera  usually  contain  antibodies  against  antigens 
other  than  lymphocytes' and  other  leukocytes.  High  titres  of  erythrocyte 
agglutinins  and  lysins  may  be  produced  even  when  one  uses  pure  pre¬ 
parations  of  antigen.  In  addition,  antibodies'  against  serum  proteins 
are  frequently  detected.  Thus,  the  serum  is  first  inactivated  by 
incubating  at  56°C  for  30  minutes.  This  results  in  the  precipitation 
of  an  appreciable  amount  of  fibrinogen  which  is  removed  by  centri¬ 
fugation.  The  serum  is  then  absorbed  with  washed  homologous  erythro¬ 
cytes.  Iwasaki  et  al.61  frequently  absorb  their  antisera  with  in¬ 
activated  whole  serum  of  the  lymphoid  antigen' donor  species.  Soluble 
antigen-antibody  complexes  are  then  removed  by  centrifugation. 
Antilymphocyte  Globulin 

Observations  to  date  have  shown  that  the  bulk  of  antilymphocyte 
activity  of  a  number  of  sera  has  been  located  in  the  IgG  fractions.62*53 
Iwasaki  et  al.61  routinely  employ  the  technique  of  ammonium  sulphate 
precipitation  to  prepare  this  fraction.  Woodruff  et  al.62  using  the 
technique  of  gel  filtration  on  G200  sephadex  have  found  that  the 
major  part  of  the  lymphoagglutinating,  lymphocytotoxicity  and  lymphocyte 
transforming  activity  is  located  in  the  7S  region  whereas  the  bulk  of 
the  erythrocyte  agglutinating  activity  is  found  in  the  19S  region. 
Furthermore ,  the  7S  fraction  proved  as  effective  as  the  original  anti- 
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serum. 

The  advantages  of  using  purified  antibody  preparations  has 
been  stressed.64  It  avoids  administering  large  amounts  of  extraneous 
nonantibody,  potentially  toxic  protein.  In  addition,  ’purified’  anti¬ 
body  is  concentrated  and  large  amounts  can  thus  be  administered  in 
small  volume.  Finally,  by  means  of  fractionation,  the  antilymphocyte 
activity  can  be  resolved  from  the  bulk  of  the  erythroagglutinating 
activity,  thus  reducing  the  need  for  extensive  adsorption. 62 
In  Vitro  Effects 

All  of  the  reports  on  the  in  vitro  effects  of  antilymphocyte 
serum  to  date  have  demonstrated  that  antilymphocyte  antibody  combines 
with  lymphocytes  and  causes  their  agglutination.  In  the  presence  of 
complement,  the  lymphocytes  are  lysed.  The  specific  uptake  of  anti¬ 
lymphocyte  antibody  has  been  demonstrated  by  immunofluorescence. 53 
Furthermore,  in  the  absence  of  complement,  combination  of  the  antibody 
with  lymphocytes  causes  lymphocyte  transformation. 

Antilymphocyte  sera  have  been  shown  to  be  essentially  species 
specific,  but  not  strain  specific.52?65  In  addition,  cross  reactivity 
with  a  variety  of  cells  has  been  reported.  These  cells  include  erythro¬ 
cytes,  other  lymphoid  cells,  platelets,66  mast  cells,67  hemopoetic  stem 
cells.  Woodruff  has  demonstrated  that  anti lymphocyte  sera  do  not  cause 
marked  lysis  of  peritoneal  macrophages.65 
In  Vivo  Effects 

Injection  of  ant i lymphocyte  serum  results  in  a  transient 
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lymphopenia.  This  is  more  profound  after  repeated  injections.  However, 
even  with  prolonged  courses  of  treatment ,  blood  lymphocyte  levels  show 
signs  of  recovery  during  the  course  of  treatment.59  Antithymocyte 
sera68  and  sera  produced  with  the  aid  of  adjuvants52  produce  more 
effective  lymphopenia. 

Other  blood  cells  may  be  affected,  some  authors  reporting 
transient  effects  on  granulocytes,  eosinophils,  monocytes  and  thrombo¬ 
cytes  . 61 

The  reported  in  vivo  effects  of  anti lymphocyte  serum  on  lymphoid 
organs  has  been  somewhat  inconsistent.  The  histological  changes  in 
lymphoid  tissues  reported  have  varied  from  hypertrophy69  to  marked 
depletion.52*70  Monaco  et  al.71  have  reported  profound  depletion  in 
animals  thymectomised  prior  to  starting  anti lymphocyte  serum  adminis¬ 
tration.  The  existing  literature  on  these  changes  has  been  summarised 
by  James.59 

Effects  of  Anti lymphocyte  Serum  on  Prolongation  of  Allograft  Survival 

The  immunosuppressive  properties  of  anti lymphocyte  serum  have 
now  been  well  documented  and  it  has  been  employed  by  several  investi¬ 
gators  as  an  immunosuppressive  agent  both  in  experimental  animals  and 
in  humans. 

Investigators  have  differed  considerably  in  a  number  of  factors: 

1)  source  of  antigen  used  in  the  development  of  the  antiserum, 

2)  route  and  schedule  of  immunisation  of  the  animal, 

3)  in  vitro  potency  of  the  serum  obtained,  and 
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4)  route  and  regimen  of  antilymphocyte  serum  administration. 

However,  prolonged  graft  survival  has  been  reported  in  almost 
all  cases.  The  results  of  Monaco  et  al.70  suggest  that  the  immuno¬ 
suppressive  effect  is  most  marked  if  the  antiserum  is  given  prior  to 
grafting  and  can  be  further  increased  by  continuing  the  treatment  after 
grafting.  This  is  in  agreement  with  the  results  of  Clunie  et  al.72 
and  Starzl  et  al.73  Pichlmayr,50  on  the  other  hand,  has  successfully 
prolonged  allograft  survival  by  starting  antilymphocyte  serum  therapy 
on  the  day  before  or  the  day  of  grafting.  Levey  and  Medawar7Lf  found 
that  antilymphocyte  serum  was  effective  if  started  after  grafting. 

Other  Effects  of  Anti lymphocyte  Serum 

Other  cellular  phenomena. —  Levey  and  Medawar7*4  have 
demonstrated  that  rabbit  antisera  to  guinea  pig  lymph  node  cells 
abolished  all  components  of  the  normal  and  sensitised  lymphocyte 
transfer  reactions. 

It  has  also  been  shown  that  anti lymphocyte  serum  will  suppress 
the  graft  versus  host  reaction75  and  in  conjunction  with  thymectomy  has 
permitted  the  establishment  of  specific  immunological  tolerance. 

The  suppression  of  delayed  hypersensitivity  to  tuberculin  in 
guinea  pigs  has  been  reported  by  several  investigators.55 

Humoral  immune  responses. —  Anti lymphocyte  sera  suppress  or 
delay  primary  humoral  antibody  responses.  This  has  been  studied  in  a 
number  of  systems,  a  summary  of  which  has  been  presented  by  James.59 
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Complications  of  Anti lymphocyte  Therapy 

Antilymphocyte  serum,  administered  by  the  intravenous  or 
intraperitoneal  route,  has  frequently  resulted  in  toxic  manifestations 
especially  if  partially  adsorbed  or  unadsorbed  serum  is  used.  Massive 
hemolysis,  anemia  and  bloody  diarrhea  have  been  reported.  In  contrast, 
other  investigators  have  found  that  extensively  adsorbed  antilymphocyte 
sera  can  be  administered  safely  by  the  intravenous  route.  Iwasaki 
et  al.61  have  reported  that  the  normally  high  incidence  of  histologic 
renal  damage  observed  in  animals  receiving  prolonged  courses  of  anti¬ 
lymphocyte  serum  therapy  is  reduced  by  the  administration  of  semi- 
purified  material  by  the  subcutaneous  route.  Other  investigators  have 
noted  that  the  material  is  less  toxic  if  administered  by  this  route. 

Other  complications  include  erythema,  tenderness  and  pruritis 
at  the  site  of  injection,  low  grade  fever,  tachycardia,  rashes,  and 
generalised  pruritis.  A  troublesome  side  effect  is  the  high  incidence 
of  thrombocytopenia. 59 
Mode  of  Action  of  Antilymphocyte  Serum 

The  theories  postulated  in  an  attempt  to  explain  the  mode  of 
action  of  antilymphocyte  serum  has  been  reviewed  by  James. 5g  Briefly, 
these  theories  are: 

1)  the  cytotoxic  theory, 

2)  the  blindfolding  theory, 

3)  the  competitive  antigen  theory,  and 

4)  the  sterile  inactivation  theory. 


* 
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The  best  formulation  at  present  is  the  following:77 

Antilymphocyte  serum  binds  to  lymphocytes  that  are  most  access¬ 
ible,  that  is,  those  in  peripheral  circulation.  These  cells 
are  removed  either  through  direct  complement-dependent  lysis  or 
through  the  liver  or  spleen.  This  results  in  diminished  lympho¬ 
cyte  counts  in  the  peripheral  blood  and  thoracic  duct.  Short 
lived  bone  marrow  lymphocytes  are  rapidly  restored  while  the 
thymus  dependent  population  may  remain  depleted  for  a  long  time. 
Thus  humoral  antibody  responses  are  relatively  preserved. 


IV.  Adjuvants 

In  the  preparation  of  antisera,  many  investigators  have  combined 
their  challenging  antigen  with  Freund’s  adjuvant  in  order  to  produce 
more  potent  antisera.  The  effects  of  adjuvants  are  twofold: 

1)  they  increase  antibody  production,  and 

2)  they  effect  a  ’switch  mechanism’  and  determine  whether  animals 
will  respond  to  administration  of  antigen  by  tolerance  or 
immunity . 7  8 

Freund,79  in  1956,  showed  that  incomplete  adjuvant  (a  mixture 
of  paraffin  oil  and  mannoside  monooleate)  increased  and  prolonged  anti¬ 
body  production  while  incorporation  of  Mycobacterium  butyricum  into  the 
incomplete  adjuvant  further  increased  antibody  production  and  accentu¬ 
ated  delayed  hypersensitivity.  He  postulated  that  incomplete  adjuvant 
heightened  antibody  production,  disseminated  some  antigen  throughout 
the  body,  and  stimulated  a  mononuclear  cell  reaction.  He  believed  that 
the  paraffin  oil  extracted  lipids  from  the  Mycobacteria  in  the  case  of 
complete  adjuvant,  and  these  lipids  were  supposed  to  have  a  direct 
action  on  the  function  of  phagocytic  cells,  thus  stimulating  the  immuno¬ 
logic  process. 
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It  has  been  shown  that  water-in-oil  emulsions  of  antigens  do 
form  antigen  depots.80  However,  other  investigators  have  demonstrated 
that  the  antibody  response  to  soluble  antigens,  e.g.,  bovine  serum 
albumin,  can  be  augmented  by  adjuvants  injected  at  times  and  places 
remote  from  the  antigen  injection.81-82  Moreover,  repeated  injections 
of  high  or  low  doses  of  bovine  serum  albumin  tend  to  induce  tolerance 
rather  than  to  enhance  the  antibody  response.84  Bovine  serum  albumin 
and  some  other  antigens  may  be  carried  to  immunocompetent  cells  by 
macrophages,  suggesting  the  possibility  that  specific  cells  might  be 
the  targets  for  adjuvant.  Some  adjuvants  may  act  by  damaging  cell 
membranes . 8 3 5 85  Spitznagel  and  Allison88  have  demonstrated  that  several 
agents  known  to  labilise  lysosomal  membranes  have  marked  adjuvant  effects 
Although  it  has  been  shown  by  Jeejeebhoy87  and  others  that  there 
is  no  direct  correlation  between  the  agglutination  and  cytotoxic  titres 
and  the  immunosuppressive  potency  of  any  given  antiserum,  such  titres, 
usually  present  at  a  significant  level  in  most  potent  antisera,  are 
still  used  as  a  crude  criterion.  It  is  therefore  desirable  to  produce 
an  antiserum  with  a  high  lymphoagglutinating  and  cytotoxic  titre,  and 
adjuvant  assists  in  achieving  this. 

V.  The  Macrophage 

Its  Origin  and  Role  in  Rejection 

There  is  now  abundant  evidence  that  the  primitive  precursors  of 
macrophage  stem  cells  are  located  mainly  in  the  bone  marrow.  The  blood 
borne  cells  giving  rise  to  exudate  macrophages  are  most  likely  to  be 
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monocytes.  Many  workers  have  propounded  the  view  that  blood  borne 
lymphocytes  may  transform  into  macrophages.  However,  there  is  consider¬ 
able  evidence  against  the  lymphocyte  being  the  major  source  of  exudate 
macrophages.  Excellent  summaries  of  the  evidence  for  and  against  these 
views  has  been  presented  by  Nelson.88 

The  macrophage  may  play  a  part  both  in  the  afferent  and  efferent 
limbs  of  the  immune  response.  Its  role  in  the  afferent  limb  consists  of 
phagocytosis  of  the  antigen  and  transfer  of  immunogenetic  information  to 
immunocompetent  cells.88-83  The  interaction  between  macrophages  and 
lymphocytes  has  already  been  discussed.  Antigen  is  retained  in  macro¬ 
phages  for  considerable  periods  of  time  and  its  immunogenic ity  is  main¬ 
tained.  This  may  play  a  part  in  "immunological  memory".141 

The  experiments  of  Granger  and  Weiner,84’85  and  Per sail  and 
Weiser,86  have  demonstrated  that  the  macrophage  may  be  effective  in  the 
efferent  phase  of  the  immunologic  reflex  and  effect  target  cell 
destruction. 

Argyris  and  Askonas87  have  demonstrated  that  the  major  part  of 
antigen  uptake  by  peritoneal  cells  is  associated  with  large  macrophages, 
whereas  immunocompetence ,  as  measured  by  the  transfer  of  immunity  to 
irradiated  recipients,  appeared  to  be  due  to  small  lymphocytes. 
Properties  and  Some  Uses  of  Antimacrophage  Antibodies 

Crude  antisera  to  macrophages  were  prepared  as  early  as  1899  by 
Metchnikoff  but  up  to  the  present  time  have  not  been  well  character¬ 
ised  and  they  have  found  only  limited  use.  Unanue,88  using  rabbits. 
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has  developed  a  method  of  raising  highly  specific  antisera  to  mouse 
macrophages,  which  show  very  poor  or  absent  cross  reaction  with  lympho¬ 
cytes.  He  obtained  peritoneal  exudates  from  mice  three  to  four  days 
after  intraperitoneal  injection  of  1.5  ml.  of  proteose  peptone.  Lympho¬ 
cytes  were  eliminated  by  culturing  the  exudates  for  four  days  in  Jena 
dishes  with  tissue  culture  medium  ”199”  containing  ten  percent  pooled 
rabbit  sera.  The  latter  sera  were  obtained  from  the  rabbits  to  be 
immunised  with  the  macrophages.  After  four  days,  the  dishes  were  shaken 
hard  and  the  floating  dead  cells  and  those  which  did  not  adhere  to  the 
glass  were  eliminated.  These  latter  adhesive  cells  consisted  almost 
exclusively  of  macrophages.  They  were  detached  from  the  glass  with  a 
rubber  policeman,  washed  several  times  with  cold  tissue  culture  medium 
and  suspended  in  saline  containing  merthiolate  or  incorporated  in 
Freund’s  adjuvant.  Rabbits  were  immunised  twice  at  two  week  intervals, 
with  a  total  of  six  million  macrophages  in  10  ml.  of  Freund’s  adjuvant 
and  bled  four  weeks  after  the  last  injection.  An  alternative  immuni¬ 
sation  schedule  used  consisted  of  nine  intravenous  injections  over  a 
period  of  four  weeks.  These  rabbits  were  bled  eight  days  after  the 
final  injection. 

He  found  that  his  antimacrophage  sera  agglutinated  mouse 
peritoneal  macrophages  but  not  lymphocytes  or  mast  cells.  They  also 
exerted  cytotoxic  effects  on  macrophages  in  the  presence  of  complement, 
as  shown  by  Trypan  blue  staining.  There  was  marked  inhibition  of 
uptake  of  red  cells  or  hemocyanin  by  live  macrophages  treated  with 
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antimacrophage  serum,  probably  as  a  consequence  of  membrane  alteration 
by  the  antibody.  Live  macrophages  treated  with  antimacrophage  serum  and 
allowed  to  settle  on  a  petri  dish,  lost  their  ability  to  adhere  to 
glass. 

Unanue  performed  in  vivo  studies  on  antimacrophage  serum,  and 
found  that  if  injected  intraperitoneally  into  mice,  it  caused  drastic 
changes  in  the  cellular  content  of  the  peritoneal  exudate.  Macrophages 
were  agglutinated  in  large  masses,  many  of  which  contained  numerous  cell 
ghosts  and  the  clusters  of  cells  were  surrounded  by  polymorphs.  Lympho¬ 
cytes,  in  general,  were  free  in  the  exudate.  Macrophages  which  had  not 
been  killed  showed  marked  cellular  aberrations  and  nuclear  malformations. 
Intravenous  injection  of  antimacrophage  serum  in  large  doses  (0.5  ml.) 
led  to  death  of  mice.  At  autopsy  there  was  wide-spread  congestion  of 
organs.  Smaller  doses  (0.3  -  0.4  ml.)  induced  marked  changes  in  the 
red  pulp  of  the  spleen  including  diminished  numbers  of  cells  in  the 

sinuses  which  showed  dilatation  and  hemorrhage.  There  were  no  changes 

/ 

in  the  white  pulp.  No  impairment  in  the  antibody  response  to  foreign 
antigen  (keyhole  limpet  hemocyanin)  was  observed.  Dyminski  and 
Argyris,00  using  antimacrophage  serum  as  an  immunosuppressive,  have  re¬ 
ported  a  prolongation  of  skin  allograft  survival  comparable  to  that 
obtained  with  antilymphocyte  serum. 

Antimacrophage  serum  inhibits  ability  of  specific  antigens  to 
induce  blast  transformation  of  previously  sensitised  circulating  lympho¬ 
cytes,  without  altering  their  response  to  nonspecific  mitogens.100 
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VI .  Intestinal  Allotransplantation 

In  contrast  to  the  volume  of  literature  published  on  the  fate 
of  allografts  of  skin  and  kidney,  there  has  been  relatively  little  work 
done  on  intestinal  allografts. 

Allografts  of  the  intestine  have  been  established  in  dogs  by 
Lillehei  and  his  associates,101-104  who  observed  that  segments  of  jejunum 
transplanted  to  the  recipient’s  neck  underwent  rejection  in  six  to 
nine  days  in  animals  in  which  no  attempt  was  made  to  control  rejection 
with  immunosuppressives.  These  investigators  described  a  technique  for 
the  orthotopic  transplantation  of  the  entire  small  intestine,  and  found 
that  the  isolated  small  intestine  could  withstand  periods  of  anoxia, 
effected  by  clamping  of  the  superior  mesenteric  vessels,  for  as  long  as 
three  to  four  hours  with  return  of  normal  function  when  the  obstruction 
was  relieved.  They  also  found  that  following  autotransplantation  of  the 
entire  small  intestine  lymphatic  regeneration,  as  evidenced  by  the 
crossing  over  of  the  mesenteric  suture  line  of  sky  blue  dye,  injected 
into  the  subserosa  of  the  small  intestine  or  into  the  mesenteric  node 
of  the  autograft,  occurred  within  two  weeks. 

Preston  et  al.105  transplanted  segments  of  small  intestine  into 
the  necks  of  recipient  dogs.  They  found  that  thrombosis  at  the  sites  of 
vessel  anastomoses  was  a  troublesome  problem  and  this  accounted  for 
failure  in  22  of  37  animals.  They  reported  that  rejection  occurred  at  a 
mean  of  eight  days  in  dogs  untreated  with  immunosuppressive  drugs.  The 
use  of  the  immunosuppressives,  azathioprine  and  prednisone,  resulted  in 


. 
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a  significant  prolongation  in  the  survival  of  the  allografts.  With  a 
combination  of  these  two  drugs,  rejection  occurred  at  a  mean  of  39  days. 
Analysis  of  the  secretion  from  the  grafted  segment  of  small  intestine 
showed  concentrations  of  sodium,  chloride,  bicarbonate  and  potassium, 
similar  to  those  in  secretions  of  isolated  intestinal  fistulas.  These 
investigators  also  described  the  gross  and  microscopic  changes  occurring 
in  the  rejection  of  intestinal  allografts.  Grossly,  there  was  cyanosis 
and  loss  of  peristaltic  activity.  Microscopically,  round  cell  infiltration 
and  hemorrhage  into  the  mucous  membrane  was  followed  by  sloughing  of  the 
superficial  layers  of  the  epithelium.  Later,  edema  and  perivascular 
round  cell  infiltration  of  the  muscular  and  serosal  layers  occurred. 

The  mucosa  underwent  destruction  and  replacement  with  a  hemorrhagic 
exudate,  the  muscular  layers  remaining  viable  longer  than  the  mucous 
membrane.  In  the  later  stages,  infiltration  by  neutrophils  was  plenti¬ 
ful  . 

State106  carried  this  series  of  experiments  one  stage  further. 

In  addition  to  the  use  of  azathioprine  and  prednisone,  he  employed  pro¬ 
longed  thoracic  duct  drainage  and  tested  the  absorptive  function  of  the 
grafted  bowel.  He  found  that  microscopically  the  earliest  signs  of 
rejection  occurred  at  a  mean  of  5.6  days,  and  complete  histological 
rejection  was  seen  at  seven  days  in  dogs  which  were  not  given  immuno¬ 
suppressives.  Prolonged  thoracic  duct  drainage  produced  no  prolongation 
of  survival  and  combinations  of  azathioprine  and  adrenal  steroids  did 
not  bring  about  consistent  prolonged  survival.  In  one  dog  there  was 
apparent  survival  of  the  graft  to  30  days;  however,  histologically,  the 
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mucosa  was  no  longer  present  and  the  muscular  coats  were  replaced  by 
fibrous  tissue-  He  found  that  the  functional  capacity  of  the  graft 
could  be  determined  by  differential  absorption  patterns  of  intra- 
luminally  instilled  1 4C-d-arabinose  and  1!+C-d-glucose.  Conversion  of 
an  active  to  a  passive  mode  of  absorption  of  1 ^C-d-glucose  character¬ 
ised  rejection  and  appeared  well  before  gross  evidence  of  rejection 


could  be  seen. 
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CHAPTER  II 


MATERIALS  AND  METHODS 


I.  Animals 

Healthy,  adult  mongrel  dogs  of  both  sexes,  weighing  16  -  26  kg. 
were  used  for  all  experiments.  They  were  obtained  from  the  University 
Farm. 

Adult,  common  barnyard  goats,  obtained  from  a  local  supplier, 
were  used  for  the  preparation  of  anti lymphocyte  serum  and  antimacrophage 
serum.  Seven  female  and  two  castrated  male  goats  were  used. 

II.  Preparation  of  Lymphocyte  Suspension 

Mesenteric  lymph  nodes  were  obtained  from  dogs  that  had  been 
used  in  other  acute  experiments.  These  dogs  had  not  been  transfused  or 
received  antigen.  The  node  tissue  was  carefully  separation  from  all 
traces  of  fat  and  connective  tissue,  suspended  in  Ringer’s  solution,  and 
manually  homogenised.  The  resulting  suspension  was  filtered  twice 
through  fine  cheesecloth,  washed  in  Ringer’s  solution,  and  the  cells 
resuspended  in  Ringer’s  soltuion. 

III.  Stimulation  and  Collection  of  Peritoneal  Cells1 

Two  hundred  millitres  of  sterilised  olive  oil  was  introduced 
into  the  peritoneal  cavity  of  a  healthy  dog.  Seven  days  later  lapar¬ 
otomy  was  performed  and  the  peritoneal  cavity  washed  with  sterile 
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heparinised  Hank’s  balanced  salt  solution. 

IV .  Preparation  of  Crude  Macrophage  Suspension 

Peritoneal  washings  as  obtained  in  the  above  were  centrifuged  at 
2000  r.p.m.  for  20  minutes.  The  cells  obtained  were  washed  thrice  and 
subsequently  resuspended  in  Hank’s  balanced  salt  solution.  A  slide  made 
from  this  suspension  was  stained  in  Wright’s  stain  and  read  microscopic¬ 
ally.  This  method  gave  a  cell  suspension  which  contained  approximately 
70  percent  macrophages  and  30  percent  lymphocytes. 

V.  Purification  of  Macrophages 

Peritoneal  washings  as  obtained  above  were  incubated  on  columns 
of  Ballotini  glass  beads  for  one  hour  at  room  temperature.  The  washings 
were  allowed  to  escape  at  the  bottom  of  the  column.  Peritoneal  macro¬ 
phages  were  washed  off  the  column  with  0.05  M  disodium  ethylene  diamine 
tetra-acetate .  The  suspension  was  centrifuged  at  2000  r.p.m.  for  20 
minutes  and  the  macrophages  subsequently  resuspended  in  Hank's  solution. 
A  slide  was  made  from  this  preparation,  stained  with  Wright's  stain  and 
read  microscopically.  This  method  gave  a  macrophage  suspension  of  98 
percent  purity. 

VI.  Immunosuppressives 
Preparation  of  Antisera 

Antilymphocyte  serum. —  Goat  antidog  lymphocyte  serum  was  pre¬ 
pared  in  the  following  manner.  Goats  were  given  an  initial  intra- 
peritoneal  injection  of  20  million  lymphocytes  in  Freund's  complete 
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adjuvant.  Two  weeks  later  a  similar  injection  was  given.  After  a 
further  period  of  two  weeks,  the  goats  were  bled  via  the  external 
jugular  vein.  At  monthly  intervals,  further  booster  injections  were 
given  and  the  goats  were  bled  two  weeks  following  each  booster.  Five 
hundred  millilitres  of  blood  was  obtained  at  each  bleeding. 

Antimacrophage  serum. —  Goat  antidog  macrophage  serum  was  pre¬ 
pared  in  a  similar  manner  to  antilymphocyte  serum.  Goats  were  sensit¬ 
ised  with  10  million  purified  macrophages  (in  the  case  of  ’pure’  anti¬ 
macrophage  serum)  and  10  million  peritoneal  cells  (crude  macrophage 
suspension)  in  the  case  of  ’impure’  antimacrophage  serum.  Two  weeks 
after  the  sensitising  dose,  goats  were  rechallenged  with  a  similar  dose 
of  cells.  They  were  bled  two  weeks  after  the  booster  injection. 

Blood  obtained  from  the  goats  were  refrigerated  overnight  to 
allow  it  to  clot.  On  the  following  morning,  the  clot  was  gently  broken 
up  and  the  serum  removed  by  centrifugation. 

Adsorption  of  Sera 

Sera  were  decomplemented  by  heating  to  56°C  for  30  minutes.  They 
were  then  adsorbed  with  dog  erythrocytes  in  order  to  remove  hema- 
glutinins.  One  volume  of  serum  was  incubated  with  two  volumes  of  washed 
dog  erythrocytes  at  37°C  for  a  half  hour.  The  mixture  was  then  centri¬ 
fuged  and  the  serum  removed  by  pipette,  placed  in  tubes  and  frozen  until 
ready  for  use. 
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Testing  of  Antisera 

Leukoagglut inat ion . —  A  modification  of  the  method  of  Amos  and 
Peacocke  was  used.2  A  lymph  node  cell  suspension  was  prepared  as 
described  above  and  the  cells  were  washed  three  times  in  0.15  M  NaCl. 

The  cells  were  then  diluted  to  a  final  concentration  of  7  x  106/ml.  in 
a  buffer  containing  2.6  g.  NaHPC^,  3.0  g.  Na2  EDTA,  and  8.5  g. 
NaCl/litre.  Equal  volumes  (0.05  ml.)  of  cells  and  serial  dilutions  of 
serum  were  mixed  in  6  x  50  mm.  siliconised  tubes  and  incubated  at  room 
temperature  for  two  hours.  The  suspensions  were  then  mixed  once  by 
gentle  agitation,  dropped  onto  a  glass  slide,  and  read  microscopically 
for  agglutination  as  a  wet  preparation  or,  alternately,  allowed  to  dry, 
stained  with  Wright’s  stain,  and  then  read. 

Cytotoxic  test2. —  Two  drops  of  normal  saline  were  placed  in  a 
shallow  well  formed  by  a  Vaseline  petroleum  jelly  ring  on  a  glass  slide. 
Dog  spleen  or  lymph  node  tissue  was  cut  cleanly  across,  and  the  cut 
surface  repeatedly  touched  to  the  surface  of  the  saline.  Cells  flowed 
freely  into  the  fluid,  and  a  suspension  of  95  percent  viability  (Trypan 
blue  staining)  was  regularly  obtained.  The  cytotoxic  activity  of  the 
goat  antidog  lymphocyte  serum  was  determined  by  adding  an  equal  volume 
of  serum  to  the  cell  suspension  and  incubating  for  30  minutes  at  37  C. 
Following  this,  a  drop  of  freshly  prepared  Trypan  blue  (0.20%)  was  added 
and  microscopic  counts  of  living  (unstained)  and  dead  (stained)  cells 


were  made. 
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VII.  Preoperative  Management  of  Dogs 

Dogs  were  randomly  chosen  and  each  arbitrarily  assigned  to  one 
of  five  groups  as  soon  as  it  was  received  from  the  University  Farm. 

Each  group  received  a  different  regimen  of  immunosuppressive  therapy. 
Group  I  -  Controls,  received  no  immunosuppressive  therapy. 

Group  II  -  Received  antilymphocyte  serum  only  in  dosages  of  5  ml.  daily. 
Therapy  was  started  three  days  preoperatively . 

Group  III  -  Received  ’pure’  antimacrophage  serum  only  in  a  dosage  of 
5  ml.  daily,  starting  three  days  preoperatively. 

Group  IV  -  Received  a  combination  of  anti lymphocyte  serum  (5  ml.  daily) 
and  standard  dosages  of  azathioprine*  and  prednisone  IT .  Antilymphocyte 
serum  was  started  three  days  preoperatively  and  azathioprine  and 
prednisone  were  given  on  the  day  after  operation  and  daily  thereafter. 
Starting  doses  of  the  two  latter  drugs  were  200  mg.  azathioprine  and 
25  mg.  prednisone. 

Group  V  -  Received  ’crude*  antimacrophage  serum  only,  in  dosages  of 
5  ml.  daily,  starting  three  days  preoperatively. 

There  was  no  attempt  to  match  dogs  except  that,  as  far  as 
possible,  it  was  tried  to  have  members  of  donor-recipient  pairs  of  the 
same  sex  and  roughly  similar  size  for  each  operation. 

All  dogs  were  maintained  on  a  standard  laboratory  diet  until  one 

*  azathioprine  -  Imuran  from  Burroughs  Wellcome  5  Co.,  Canada  Ltd. 

IT  prednisone  -  Novopharm  Ltd.,  Scarborough,  Ontario. 
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day  prior  to  operation  and  then  fasted  except  for  water. 

Anaesthesia  was  achieved  by  the  administration  of  intravenous 
sodium  pentobarbital.  The  abdomen  was  shaved,  scrubbed  with  Phisohex*, 
and  painted  with  a  solution  of  Betadinelf. 

VIII.  Operative  Techniques  (Figures  2-15) 

Two  animals  were  prepared  simultaneously  and  segments  of  bowel 
exchanged,  so  that  each  animal  was  both  a  donor  and  recipient. 

Animals  were  anaesthetised  and  prepared  as  described  above.  The 
abdomen  was  draped  and  entered  through  a  vertical  midline  incision.  The 
ileocecal  junction  was  identified  and  the  bowel  divided  10  cm.  proximal 
to  it.  About  one  metre  of  small  intestine  was  measured  proximally  from 
this  division  and  the  bowel  divided  again.  The  mesentery  was  incised  at 
these  two  points  and  the  incisions  extended  to  the  root  of  the  mesentery. 
The  mesenteric  nodes  were  divided  transversely.  The  superior  mesenter¬ 
ic  vessels  were  then  dissected  free  from  all  lymphatic  tissue.  This 
procedure  resulted  in  an  isolated  segment  of  bowel  pedicled  on  the 
superior  mesenteric  artery  and  vein. 

An  identical  procedure  was  performed  on  the  second  dog.  The 
mesenteric  vessels  were  then  clamped  separately  with  bulldog  clamps  and 
divided  distal  to  the  clamps. 

The  excised  segments  of  bowel  were  perfused  with  heparinised. 


*  Phisohex  -  Winthrop  Laboratories,  Canada  Ltd.,  Aurora,  Ontario. 
U  Betadine  -  Burroughs  Wellcome,  Canada  Ltd.,  Montreal,  Quebec. 
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Fig.  6. —  Photograph  showing  points  of  division  of  small 
intestine . 
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Fig.  7. —  Photograph  after  division  of  mesenteric  lymph  nodes 
showing  vascular  pedicle. 
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Fig.  8. —  Photograph  showing  loop  of  small  intestine  isolated 
on  its  vascular  pedicle. 
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Fig.  9. —  Photograph 
small  intestine  via  its  main 


showing  perfusion  of  excised  segment  of 
artery. 
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Fig.  10. —  Photograph  showing  arterial  anastomosis  using  the 
pneumatic  needle  driver. 
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Fig.  11. —  Photograph  showing  completed  arterial  and  venous 
anastomoses. 
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Fig.  12. —  Photograph  showing  completed  arterial  and  venous 
anastomoses  after  release  of  the  bulldog  clamps. 
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Fig.  13. —  Photograph  showing  completed  lymph  node  anastomosis. 
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Fig.  14. —  Photograph  showing  anastomosis  between  the  cut  ends 
of  dogs  own  bowel  (above)  and  the  transplanted  loop  of  bowel  with  its 
ends  exteriorised  (below). 


Fig.  15. —  Photograph  showing  appearance  of  stomas  at  the 
completion  of  the  operation. 
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dictated  Ringer  s  solulrion  until  all  traces  of  blood  were  removed  from 
the  segment.  The  segment  of  bowel  from  the  first  dog  was  then  trans¬ 
planted  into  the  second  dog  and  vice  versa.  The  mesenteric  artery 
anastomosis  was  performed  with  a  continuous  7-0  silk  suture  using  the 
pneumatic  needle  driver. ^  A  continuous  6-0  silk  suture  was  used  in 
the  case  of  the  mesenteric  vein,  and  lymph  nodes  were  anastomosed  using 
interrupted  4-0  sutures. 

The  two  ends  of  the  isolated  transplanted  loop  of  intestine  were 
exteriorised  in  the  form  of  a  Thiry-Vella  loop  fistula.  The  exterior¬ 
ised  bowel  was  sutured  to  the  skin  with  3-0  silk  sutures. 

The  two  free  ends  of  the  dogs  own  bowel  (at  the  points  of 
division  mentioned  previously)  were  then  anastomosed  using  a  single 
layer,  inverting,  closure  of  interrupted  4-0  silk  sutures  and  the  rent 
in  the  mesentery  closed  with  interrupted  3-0  silk  sutures. 

The  abdomen  was  then  closed  in  layers.  The  peritoneum  with  a 
continuous  0  catgut  suture,  the  anterior  rectus  sheath  with  interrupted 
0  catgut  sutures,  and  the  skin  with  interrupted  0  silk  sutures. 

IX.  Postoperative  Management 

After  operation  all  dogs  were  kept  in  the  operating  room  until 
they  recovered  from  the  anaesthetic  and  then  returned  to  the  animal 
quarters .  They  were  given  nothing  by  mouth  for  the  xirst  three  days 
postoperation,  except  for  dogs  receiving  azathioprine  and  prednisone, 
who  were  given  these  medications  only,  by  mouth.  During  these  three 
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initial  days,  dogs  received  daily  intravenous  administration  of  1000  ml. 
of  5  percent  dextrose-saline.  They  then  received  graduated  feedings; 
liquid  diet  for  two  days,  then  special  (semisolid)  diet  for  two  days 
before  being  returned  to  full  diet.  Stomas  of  the  Thiry-Vella  loop  were 
carefully  examined  visually  every  day  for  signs  of  rejection. 

Biopsies  of  Stomas 

Biopsies  of  the  exposed  stomas  were  obtained  at  intervals  and 
sent  for  histological  study. 

Autopsies 

All  dogs  were  subjected  to  postmortem  examination.  Sections 
were  taken  from  the  transplanted  loop  of  bowel,  the  vascular  anastomosis, 
and  the  mesenteric  lymph  node  anastomosis,  in  addition  to  any  other 
organ  showing  any  pathologic  change.  These  sections  were  studied  histo¬ 
logically. 
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CHAPTER  III 


RESULTS  AND  CONCLUSIONS 

I.  In  Vitro  Tests 
Antilymphocyte  Serum 

In  the  course  of  this  series  of  experiments,  eight  batches  of 
anti lymphocyte  sera  were  used.  The  in  vitro  characterisation  indicated 
that  in  all  cases  dilutions  of  1:256  produced  agglutination  of  homo¬ 
logous  lymphocytes. 

Cytotoxic  activity  of  the  sera,  as  evidenced  by  Trypan  blue 
staining,  was  positive. 

’Pure*  Antimacrophage  Serum 

Three  batches  of  serum  were  used.  Of  these,  the  first  two 
batches  showed  agglutination  titres  against  peritoneal  cells  of  1:128. 
The  final  batch  agglutinated  peritoneal  cells  in  dilutions  of  1:256. 

Pure  antimacrophage  serum  showed  only  minimal  cross  reactivity 
with  lymphocytes  and  dilutions  of  1:1  and  1:2  produced  only  very  weak 
agglutination  with  lymph  node  lymphocytes. 

Cytotoxicity  tests  were  positive  in  the  case  of  peritoneal  cells 
and  negative  when  the  purified  antimacrophage  serum  was  incubated  with 
suspensions  of  lymph  node  lymphocytes. 

’Impure’  Antimacrophage  Serum 

The  impure  antimacrophage  serum  agglutinated  peritoneal  cells 
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in  dilutions  of  1:256  and  lymph  node  lymphocytes  in  dilutions  of  1:128. 
Cytotoxicity  tests  were  positive  for  both  peritoneal  macrophages  and 
lymph  node  lymphocytes. 

II .  Operation 

The  operation  described  gave  very  good  immediate  results.  The 
implantation  of  the  two  grafts  into  their  respective  recipients  were 
performed  in  sequence.  The  time  taken  to  perform  the  blood  vessel 
anastomoses  was  approximately  20  minutes  for  each  animal.  Thus  the 
period  of  anoxia  was  20  minutes  for  the  first  segment  of  intestine  and 
40  minutes  for  the  second.  The  reestablishment  of  circulation  was  in 
all  cases  followed  by  immediate  return  of  colour  to  the  grafted  segment 
and  peristaltic  action  was  resumed.  We  did  not  observe  any  complication 
which  could  be  attributed  to  the  period  of  anoxia. 

During  the  first  three  postoperative  days,  our  most  troublesome 
complication  was  thrombosis,  both  arterial  and  venous  (Figure  16). 
Approximately  40  percent  of  dogs  receiving  intestinal  grafts  either 
succumbed  or  were  sacrificed  because  of  this  complication.  These  dogs 
were  not  included  in  our  series.  In  an  attempt  to  allay  this  compli¬ 
cation,  we  heparinised  two  dogs  after  operation.  Both  dogs  died  from 
massive  hemorrhage  and,  therefore  this  practice  was  discontinued. 

III.  Survival  Studies 

The  dogs  in  the  control  group,  who  received  no  immunosuppressive 

of  7.4  days  (Tables  1  and  6  ).  These  results 


therapy,  survived  for  a  mean 
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Fig.  16. —  Section  of  small  intestine  showing  histologic 
appearance  following  venous  thrombosis.  Note  intense  congestion. 


TABLE  1 
CONTROL  GROUP 


Dog  Number 

Survival  Time 

F1713 

6  days 

G20 

8  days 

G52 

7  days 

G951 

8  days 

G819 

8  days 

Mean  7.40  days 


±0.89 
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are  in  agreement  with  other  published  results . 1 >2 > 3  Here  there  was 
healthy  survival  of  grafts  until  the  final  day  when  there  was  a  change 
in  appearance  of  the  stomas  from  a  moist,  glistening  pink  to  a  dry 
cyanotic  (Figure  17)  and  finally  a  necrotic  appearance.  Necrosis  was 
taken  as  the  end  point  and  dogs  were  sacrificed  at  this  time.  Micro¬ 
scopic  study  of  grafts  at  this  stage  showed  gross  round  cell  infiltration 
with  superimposed  inflammatory  and  necrotic  changes. 

The  second  group  of  animals  survived  a  mean  of  13.4  days  (Tables 
2  and  6)5  demonstrating  a  significant  prolongation  of  survival  of  grafts 
when  antilymphocyte  serum  was  the  only  immunosuppressive  used.  There 
have  been  no  published  results  on  the  prolongation  of  survival  of  canine 
intestinal  allografts  with  antilymphocyte  serum.  The  grafts  all  looked 
healthy  initially,  but  with  the  onset  of  rejection  became  necrotic  and 
histologically  showed  round  cell  infiltration  with  dense  inflammatory 
change  and  complete  destruction  of  the  mucosa  (Figures  18  and  19). 

The  third  group  of  animals  received  antimacrophage  serum  only. 

The  mean  survival  was  6.83  days  (Tables  3  and  6  ) .  Statistical  compari¬ 
son  with  the  control  group  showed  no  significant  difference.  The 
administration  of  ’pure’  antimacrophage  serum  produced  no  modification 
in  the  course  of  rejection  of  the  grafts  and  the  microscopic  picture 

was  typical  of  unmodified  rejection. 

Group  IV  animals  received  a  combination  of  anti lymphocyte  serum 
and  standard  doses  of  azathioprine  and  prednisone.  Dogs  in  this  group 
showed  healthy  survival  of  grafts  for  a  mean  of  80  days  (Tables  4  and  6  ). 
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Fig.  17. —  Photograph  showing  dry,  cyanotic  appearance  of 
stoma  of  rejected  transplanted  loop  of  small  intestine. 
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Fig.  18. —  Photograph  showing  necrotic  appearance  of  a  rejected 
small  intestinal  allograft. 
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Fig.  19. —  Photograph  showing  histologic  appearance  of  rejected 
small  intestine.  Note  dense  round  cell  infiltration  and  necrosis  of 
mucosa. 
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TABLE  2 

GROUP  II  -  USING  ALS  ALONE  AS  IMMUNOSUPPRESSIVE 


Dog  Number 

Survival  Time 

G1142 

11  days 

G1106 

13  days 

G1982 

15  days 

G571 

14  days 

E1025 

14  days 

Mean  13.4  days 
±  1.52 


ALS 


Antilymphocyte  serum 


K  *  - 


TABLE  3 


GROUP  III  -  USING  ’PURE’  AMS  ONLY, 
AS  IMMUNOSUPPRESSIVE 




Dog  Number 

Survival  Time 

G1936 

8  days 

G1928 

7  days 

G1903 

5  days 

G1922 

7  days 

H9 

7  days 

G1923 

7  days 

Mean  6.83  days 
±0.98 

AMS  -  Antimacrophage  serum 


TABLE  4 


GROUP  IV  -  USING  ALS,  AZATHIOPRINE  AND  PREDNISONE 
IN  COMBINATION  AS  IMMUNOSUPPRESSIVES 


Dog  Number 

1  '  1 

Survival  Time 

G958 

90  days 

G1725 

46  days 

G1730 

42  days 

G1409 

179  days* 

G1661 

52  days 

G1697 

10  dayst 

M  =  80.0 

SD  =  ±53.81 

*  -  Still  alive  at  the  completion  of  the  experiment 

t  -  Died  from  an  unrelated  cause  (refer  to  fig.  20 )• 
Not  included  in  statistical  analysis  of  results. 

ALS  -  Anti lymphocyte  serum 
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One  dog,  which  survived  only  10  days,  died  following  intussusception  of 
the  transplanted  loop  of  bowel  (Figure  20).  This  dog  has  not  been 
included  in  the  statistical  evaluation  of  the  results.  In  this  group, 
the  prolongation  of  survival  is  significant  and  one  dog  is  still  alive 
179  days  after  receiving  an  intestinal  allograft. 

The  most  troublesome  problem  encountered  in  the  dogs  on  prolong¬ 
ed  courses  of  azathiopr ine ,  prednisone  and  antilymphocyte  serum  was  the 
incidence  of  pulmonary  infections  which  occurred  in  all  animals  in  this 
series.  These  infections  settled  in  the  early  stages  with  antibiotic 
therapy  but  confluent  bronchopneumonia  was  eventually  the  cause  of  death 
in  all  of  the  animals  in  this  series.  At  autopsy,  transplanted  loops 
of  bowel  in  this  group  of  dogs  looked  healthy,  and  histologically,  the 
only  abnormal  finding  was  mild  round  cell  infiltration  (Figures  21  and 
22). 

The  final  group  of  dogs  received  an  immunosuppressive  regimen 
consisting  of  5  ml.  of  antiserum,  developed  against  crude  peritoneal 
exudate,  daily.  These  animals  survived  a  mean  of  29.33  days.  In  this 
group  four  animals  survived  8  to  13  days  and  two  survived  44  and  93 
days  respectively.  It  is  difficult  to  explain  the  occurrence  of  this 
biomodal  distribution  of  survival  times.  It  may  well  represent  a 
fortuitous  tissue  match.  Further  investigations  will  be  necessary  to 
determine  this.  As  a  result  of  the  wide  variation  in  survival  times 
of  the  animals  in  this  group,  the  results  obtained  are  not  statistically 
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Fig.  20. —  Photograph  showing  intussusception  in  transplanted 
loop  of  small  intestine. 
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Fig.  21. —  Photograph  showing  normal  appearance  of  the  trans¬ 
planted  segment  of  small  intestine  (arrow)  compared  with  a  segment  of 
dog’s  own  small  intestine  (at  top  of  photograph).  This  photograph  was 
taken  93  days  after  the  animal,  G958,  received  an  intestinal  allograft. 
The  immunosuppressive  drugs  used  here  were  anti lymphocyte  serum, 
azathioprine  and  prednisone.  The  blue  blotches  on  the  transplanted 
segment  represent  sites  of  injection  of  methylene  blue. 


Fig.  22. —  Photograph  of  histologic  section  of  allografted 
small  intestine  in  dog  G958,  93  days  after  transplantation.  Note 
preservation  of  mucosa  and  only  minimal  round  cell  infiltration. 
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significant  (Tables  5  and  6). 


TABLE  5 


GROUP  V  -  USING  ’IMPURE’  AMS  ONLY  AS 
IMMUNOSUPPRESSIVE 


Dog  Number 

Survival  Time 

H276 

13  days 

H379 

44  days 

H386 

93  days 

H377 

9  days 

H416 

9  days 

H474 

8  days 

M  =  29.33 
SD  =  34.11 

Antimacrophage  serum 


AMS 
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TABLE  6 

STATISTICAL  ANALYSIS  OF  RESULTS 


- 1 - - - s - 

Group 

Number 
of  Dogs 

Mean  Survival 
in  Days 

Standard 

Deviation 

P  Value* 

I 

5 

7.4 

0.89 

II 

5 

13.4 

1.52 

<0.001 

III 

6 

6.83 

0.98 

>0.1 

IV 

6 

80.0 

53.81 

<0.01 

V 

6 

29.33 

34.11 

>0.05 

^Statistical  analysis  of  results  was  carried  out  using  the 
Student’s  t  test  following 

"Statistical  Methods  in  Biology” 

Norman  T.S.  Bailey 

English  Universities  Press  Ltd.,  London,  1959. 
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CHAPTER  IV 


SUMMARY  AND  DISCUSSION 

In  the  series  of  experiments  described,  the  following  has  been 
presented : 

1)  the  technique  used  for  obtaining  a  lymphocyte  suspension  and  the 
preparation  of  an  antiserum  to  this  suspension, 

2)  the  stimulation  and  collection  of  peritoneal  cells  and  the  puri¬ 
fication  of  the  crude  macrophage  suspension, 

3)  the  preparation  of  antisera  to: 

a)  crude  macrophage  suspensions,  and 

b)  purified  macrophage  suspension, 

4)  the  in  vitro  testing  of  the  three  types  of  antiserum  used, 

5)  survival  studies  on  dogs  with  intestinal  allografts  using  three 
types  of  antiserum  as  immunosuppressives,  alone,  and  in  combi¬ 
nation  with  standard  immunosuppressive  azathioprine  and  prednisone, 
and 

6)  the  technique  used  in  the  preparation  of  canine  intestinal 
allografts. 

The  method  of  preparation  of  lymphocyte  suspensions  involving 
manual  homogenisation  is  crude  and  the  cell  counts  obtained  in  these 
suspensions  were  lower  than  expected.  More  elaborate  methods  such  as 
pressing  lymph  nodes  through  stainless  steel  mesh  with  pores  of  known 
diameter  has  resulted  in  higher  cell  counts.^  The  antilymphocyte  serum 
obtained  using  our  lymphocyte  suspension  has  shown  agglutination  titres 
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of  1:256.  Other  workers2  have  obtained  titres  of  up  to  1:1024.  These 
workers  have  developed  their  antisera  in  different  animals.  Rabbits  and 
horses  have  been  the  most  widely  used  species.3  The  goat  has  not  gained 
much  popularity  as  an  experimental  animal. 

We  made  no  attempt  to  sterilise  our  antisera  owing  to  lack  of 
facilities.  However,  apart  from  abscess  formation  at  the  site  of 
injection  in  a  few  dogs,  we  encountered  surprisingly  few  complications 
resulting  from  the  use  of  unsterilised  antisera. 

The  immunosuppressive  potency  of  our  antilymphocyte  serum  is 
demonstrated  by  the  significant  prolongation  of  survival  of  canine 
intestinal  allografts  obtained.  There  have  been  no  published  results 
on  the  effects  of  anti lymphocyte  serum  on  intestinal  allografts  but  in 
the  case  of  skin  and  other  organ  allografts,  significant  prolongation  of 
survival  has  been  obtained . 2 5 4 » 5 » 8 > 7 

The  use  of  azathioprine  and  prednisone  in  the  prolongation  of 
survival  of  canine  intestinal  allografts  has  been  reported  by  Preston 
et  al8  and  by  State.9  These  workers  found  that  although  survival  was 
prolonged,  the  grafts  were  eventually  transformed  into  fibrous  tubes  with 
loss  of  mucosa.  Postmortem  histological  examination  of  grafts  from  the 
animals  in  our  series  has  demonstrated  good  preservation  of  mucosa. 
Antilymphocyte  serum  thus  seems  to  be  a  very  useful  addition  to  this 
He  have  conducted  pilot  studies  on  the  function  of  these 
transplanted  loops  in  dogs  receiving  combinations  of  antilymphocyte 
serum,  azathioprine  and  prednisone  and  these  so  far  have  indicated 


. 
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absorptive  function  no  different  from  that  of  dogs  with  Thiry-Vella 
loops  of  their  own  bowel . 

In  the  stimulation  of  peritoneal  cells,  intraperitoneal  in¬ 
jection  of  olive  oil  was  used.  Other  workers^  0,11  have  used  glycogen 
and  thioglycollate  for  this  purpose.  Here  again,  our  cell  counts  were 
a  little  lower  than  those  obtained  using  thioglycollate.  However,  olive 
oil  was  the  most  easily  obtainable  stimulate  and  it  gave  reasonable 
results.  Culture  of  macrophages  would  have  given  a  pure  suspension. 

The  in  vitro  testing  of  our  ’pure’  antimacrophage  serum  showed 
agglutination  of  macrophage  suspensions  in  dilutions  of  1:128  -  1:256 
with  almost  completely  absent  cross  reaction  with  lymphocytes.  Survival 
studies  on  ’pure’  antimacrophage  serum  failed  to  demonstrate  any  immuno¬ 
suppressive  potency. 

’Impure’  antimacrophage  serum,  on  the  other  hand,  agglutinated 
both  lymphocytes  (dilutions  of  1:256)  and  macrophages  (1:128)  demon¬ 
strating  in  vitro  potency  against  both  categories  of  cells.  The  results 
of  our  survival  studies  using  this  antiserum  as  immunosuppressive,  are 
confusing.  Four  dogs  survived  8-13  days,  one  dog  survived  44  days 
and  one  dog  is  still  alive  at  93  days.  When  these  results  are  all  taken 
together,  the  result  is  not  significant.  However,  in  two  dogs  we  have 
obtained  survivals  far  greater  than  in  any  dogs  treated  with  antilympho¬ 
cyte  serum.  In  these  two  dogs  there  has  been  good  absorptive  function 
of  the  transplanted  loop.  Further  survival  studies  will  be  necessary 
to  clarify  this  situation.  Seeing  that  there  was  no  prolongation  of 
survival  with  ’pure’  antimacrophage  serum,  one  can  postulate  that  any 
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immunosuppressive  activity  of  the  impure  antimacrophage  serum  would  be 
due  to  the  antilymphocyte  activity.  A  good  method  of  ascertaining  this 
would  be  to  adsorb  the  'impure*  antimacrophage  serum  with  a  lymphocyte 
suspension  and  then  to  perform  survival  studies  using  the  resulting 
antiserum. 

The  results  of  Dyminski  and  Argyris,11  using  an  antiserum  against 
peritoneal  cells,  suggest  that  antimacrophage  serum  has  as  good  an 
immunosuppressive  potency  as  antilymphocyte  serum.  It  is  difficult, 
however,  to  compare  our  results  with  theirs  both  because  of  the  incon¬ 
sistency  of  our  own  results  and  the  difference  in  experimental  model  - 
they  used  skin  allografts  in  mice. 

Further  investigation  will  be  necessary  to  elucidate  the  role 
of  the  macrophage  in  rejection  and  the  place  of  antimacrophage  serum 
as  an  immunosuppressive. 
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APPENDIX  I 


In  the  data  presented,  two  dogs  remained  alive  at  the  com¬ 
pletion  of  the  experiment.  The  animal,  G1409,  has  been  on  an  immuno¬ 
suppressive  regimen  of  antilymphocyte  serum,  azathioprine ,  and  pred¬ 
nisone  while  the  animal,  H386,  has  received  ’impure’  antimacrophage 
serum  only.  These  dogs  are  still  alive  and  well  -  G1409  having  now 
survived  325  days  and  H386,  239  days.  Since  the  completion  of  the 
experiment,  the  transplanted  loop  of  bowel  has  been  placed  in  con¬ 
tinuity  with  the  dog’s  own  bowel  in  both  cases.  Both  dogs  have  gained 
weight  and  appear  completely  healthy. 
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APPENDIX  II 


Control  studies  were  conducted  in  four  small  healthy  dogs  to 
determine  the  effect  of  antilymphocyte  serum  on  absolute  lymphocyte 
counts.1  Moderate  lymphopenia  was  noted,  which  lasted  ten  days. 
Lymphocyte  counts  tended  to  return  to  normal  after  this  time.  However, 
the  total  leukocyte  count  seemed  unaffected.  These  results  are  demon¬ 
strated  in  the  accompanying  figure  (23)  which  represents  the  effects 
of  antilymphocyte  serum  on  circulating  lymphocyte  and  absolute  leuko¬ 
cyte  levels  in  healthy  dogs. 

R.A.D.L.S.  represents  rabbit-antidog  lymphocyte  serum. 

G.A.D.L.S.  represents  goat -antidog  lymphocyte  serum. 


1 SALMON,  P.A.,  LEE,  K.K.,  and  BOISVERT,  D.P.J.  Prolongation 
of  canine  intestinal  allograft  survival  with  and. without  antilympho- 
cyte  serum,  azathioprine  and  prednisone.  Unpublished  data,  1970. 
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